IL-37 is a new anti-inflammatory cytokine that plays an important role in protecting against tissue injury during infections via limiting immune and inflammatory reactions. This study aimed at determining serum IL-37 concentrations and HBeAg seroconversion in chronic hepatitis B virus (HBV) patients during Telbivudine (LDT) treatment. The serum levels of IL-37 were determined using enzyme-linked immunosorbent assay (ELISA) in 40 chronic hepatitis B virus infection (CHB) patients (HBeAg positive), 30 chronic hepatitis C virus infection (CHC) patients [25 with spontaneously resolved hepatitis C virus (SR-CHC)], and 30 healthy controls (HCs). Anti-inflammatory cytokines such as IL-2 and IL-10 were measured using cytometric bead array, and the concentrations of clinical parameters such as serum hepatitis B surface antigen (HBsAg), hepatitis B nucleocapsid antigen (HBeAg), alanine transaminase (ALT), aspartate transaminase (AST), HBV DNA, and hepatitis C virus (HCV) RNA loads were measured. It was found that the serum levels of IL-37 were higher in chronic HBV patients with high virus loads, but the association was not statistically significant. The serum levels of IL-37 were decreased in HBeAg seroconverted CHB patients after 48 weeks of LDT treatment. The serum levels of IL-37 had no significant difference in CHC patients compared with SR-HCV and HCs. The levels of anti-inflammatory cytokine, IL-2 and IL-10, were lower in CHB and CHC patients than the HC, but IL-2 levels increased after LDT treatment in CHB patients. The concentrations of serum IL-37 in CHB and CHC patients with abnormal levels of serum ALT ( > 50 U/L) or AST ( > 40 U/L) were significantly higher than CHB, CHC patients with normal levels of ALT ( < 50 U/L) or AST ( < 40 U/L). These results suggest that IL-37 may play a significant role in the immune response of CHB patients with HBeAg seroconversion. The serum levels of IL-37 are associated with liver damage in CHB patients.
Introduction

B
oth hepatitis B virus (HBV) and hepatitis C virus (HCV) infection are global health problems. Worldwide, 400 million people suffer from chronic HBV infection, and *3% of the population worldwide is infected with HCV (Chisari 2005; Rehermann and Nascimbeni 2005) . In China, the majority of HBV-as well as HCV-infected individuals become chronic hepatitis patients, which progressively develops into hepatosteatosis, liver fibrosis, liver cirrhosis, and, ultimately, hepatocellular carcinoma (Wang 2003; Zoulim and others 2003) . The difference between HBV and HCV infection includes the mechanism of liver injury. Some reports on the pathogenesis of chronic HBV infection have suggested that inflammatory cytokines and lymphocytes participate in the development of liver pathology ( Jiang and others 2010) . Other reports on chronic HCV infection have showed that the cellular responses triggered by virus infection may participate in the pathogenesis of HCV-associated liver diseases (Ke and Chen 2012) . IL-37 acts as an essential inhibitor of inflammation and innate immunity in various diseases (Akdis and others 2011) . However, the mechanism of IL-37 in the immune response for the protection against chronic hepatitis B and C virus has not been fully understood.
IL-37 is a new cytokine of the IL-1 family that is expressed in a variety of tissues and cells such as monocytes, Natural killer (NK) cells, and stimulated B cells (Dunn and others 2001; Bufler and others 2002) . It includes 5 different splice variants (a-e) (Sharma and others 2008) . IL-37 protein can be up-regulated by several pro-inflammatory cytokines and inflammatory stimuli (Nold and others 2010) . In addition, expression of IL-37 in macrophages or epithelial cells almost completely inhibited the synthesis of pro-inflammatory cytokines and innate immunocytes (Nold and others 2010; Boraschi and others 2011) . Even though the anti-inflammatory mechanism remains unclear, IL-37 is secreted into extracellular space to inhibit the receptor of pro-inflammatory cytokines or locates to the nucleus and interacts intracellularly with Smad3 (Reznikov and others 2002; Boraschi and others 2011) . Moreover, it has been reported that IL-37 has a significant protective role in septic shock (Nold and others 2010; Boraschi and others 2011) , DSS-induced colitis (McNamee and others 2011), Concanavalin A-Induced Hepatitis (Sakai and others 2012) , and Ischemia/Reperfusion-Induced Hepatitis model in-vivo (Bulau and others 2011) .
In hepatitis B nucleocapsid antigen (HBeAg)-positive chronic patients, HBV nucleocapsid antigen (HBeAg) likely contributes to the decreased level of core-specific T-cell responses (Bertoletti and Gehring 2006) . Furthermore, HBeAg seroconversion is mainly dependent on the host's immune response to HBV (He and others 2012) . Thus, this study was conducted to determine serum IL-37 concentrations and HBeAg seroconversion in chronic HBV patients during Telbivudine (LDT) treatment.
Materials and Methods
Patients
A total of 40 patients with CHB, 30 patients with chronic hepatitis C virus infection (CHC) [25 with spontaneously resolved HCV (SR-CHC) infection], and 30 blood donors as healthy controls (HCs) were recruited sequentially at the inpatient service of the Infectious Diseases Division of the Second Part of Jilin University First Hospital. Subjects with chronic HBV infection were confirmed positive for hepatitis B surface antigen (HBsAg), hepatitis B nucleocapsid antigen (HBeAg), and detectable HBV virions for at least 12 months (Yim and Lok 2006) . Individuals with chronic HCV infection were confirmed with positive anti-HCV antibodies and serum HCV RNA for at least 6 months (He and others 2012) . Individuals with SR-HCV were defined as those subjects who had prior HCV RNA detection (HCV-Ab + ) but lacked HCV RNA detection for 12 weeks after enrollment in the absence of drug treatment (Yim and Lok 2006) . None of them had been treated with anti-viral and other related drugs, and all patients denied exposure to known hepatotoxin before the treatment. Their demographic and clinical characteristics are shown in Table 1 .
The CHB patients were treated orally with 10 mg LDT daily for 24 and 48 weeks. A complete response to LDT treatment was defined as having both HBeAg clearance and serum HBV-DNA level < 300 copies/mL. A partial response to LDT treatment was defined as only serum HBV-DNA level < 300 copies/mL. Peripheral blood samples were obtained from CHB, CHC, and SR-CHC patients and HC. Sera were prepared and stored at -80°C till needed. Written informed consent was obtained from individual participants, and the study was approved by the First Hospital Ethical Committee of Jilin University.
Measurement of IL-37 by enzyme-linked immunosorbent assay
Serum levels of IL-37 in HC, CHB, CHC, and SR-CHC patients were assayed using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (human IL-37 ELISA; AdipoGen). Briefly, individual sera at 1:1 dilutions in duplicate were subjected to ELISA analysis, and according to the standard curve established using the recombinant IL-37, the concentrations of serum IL-37 in individual samples were calculated. The detection limit of the IL-37 ELISA kit was 0.016-1 ng/mL.
Cytometric bead arrays of serum cytokines
The concentrations of serum IL-2 and IL-10 in HC, CHB, CHC, and SR-CHC patients were determined by cytometric bead array (CBA) (Morgan and others 2004) , according to the manufacturer's protocol (BD Biosciences). Briefly, 25 mL of individual sera were used in duplicate for analysis, as previously described (Tárnok and others 2003) . The concentrations of serum cytokines were quantified using the CellQuestPro and CBA software (Becton Dickinson) on a FACSCalibur cytometry (BD Biosciences).
Serological and biochemical analysis of hepatitis
The serum HBsAg and HBeAg were detected by a chemiluminescent microparticle immunoassay using an 
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Abbott I 2000 automated chemiluminescence immunoassay analyzer (Abbott Laboratories) (Li and others 2010) . The concentrations of serum antibodies against HCV were detected by ELISA II (Abbott Laboratories) (Li and others 2010) . The amounts of serum HBV DNA and HCV RNA were measured by quantitative PCR assay using a luciferase quantization detection kit, following the protocols (Roche Amplicor). The detection limit of viral DNA was 300 copies/ mL (Wang and others 2012) .The levels of serum alanine transaminase (ALT) and aspartate transaminase (AST) were detected using a Biochemistry Automatic Analyzer (Roche Diagnostics).
Statistical analysis
The differences between the groups were analyzed by Mann-Whitney test and Wilcoxon signed rank test using SPSS 18.0 software for unpaired and paired comparisons, respectively. The relationship between variables was evaluated using the Spearman rank correlation test. A 2-side P value < 0.05 was considered statistically significant.
Results
Demographic and clinical characteristics of study subjects
The study was conducted on 40 chronic HBV patients (range 24-65 years of age), 30 chronic HCV patients (range 23-62 years of age), 25 SR-HCV patients (range 21-57 years of age), and 30 healthy blood donors (range 21-55 years of age). The concentrations of serum HBsAg, HBeAg, ALT, AST, and HBV DNA in CHB patients were significantly higher than the HC at baseline. The levels of serum HCV RNA loads in CHC patients were higher than the SR-HCV and HCs. Both CHC and SR-HCV patients have a detectable anti-HCV antibody. The data are expressed as median and range unless specified (Table 1) .
The serum levels of IL-37 in chronic HBV patients with HBeAg seroconversion It is known that IL-37 has an anti-inflammatory role and inhibits the immune response in various diseases (Akdis and others 2011) . However, the effects of HBV and HCV infection on IL-37 are still unknown. This study, therefore, assessed the levels of serum IL-37 among chronic HBV-infected, longterm LDT-treated patients, CHC and SR-HCV patients, and HCs. The serum levels of IL-37 and HBV DNA in chronic HBV patients were higher than the HCs at baseline, and there were a significant decrease in IL-37 and HBV DNA concentration after 48 weeks of treatment (Fig 1A, P < 0.0001; 1B, P < 0.0001, respectively). However, the serum levels of IL-37 had no significant difference in CHC and SR-HCV patients compared with the HCs (Fig. 1A ). There were no statistically significant correlations between virus loads and serum IL-37 levels. (data not shown). We supposed that other factors may also affect serum IL-37 levels. Based on the LDT therapy outcome on HBeAg clearance or not, the 40 HBeAg-positive CHB patients were divided into 2 groups. 10 out of 40 HBeAg-positive CHB patients had HBeAg seroconversion after 24 weeks of LDT treatment (Fig. 1C) . After 48 weeks, 20 out of 40 HBeAg-positive CHB patients had HBeAg clearance. The data revealed that the serum levels of IL-37 were significantly lower in CHB patients with complete 
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HBeAg clearance (Fig. 1C , P < 0.0001), whereas it had no significant difference in CHB patients without HBeAg clearance under LDT therapy compared with CHB patients at the baseline (Fig. 1D) . The serum levels of HBsAg in HBeAg-seroconverted CHB patients were still higher after LDT treatment (Fig. 1E) . From the findings provided earlier, it is possible to confirm that HBeAg was a critical factor that influenced the serum levels of IL-37 in chronic HBV infection during LDT treatment.
The serum levels of IL-37 in CHB and CHC patients with abnormal levels of serum ALT and AST
Studies have revealed that IL-37 has a protective effect in tissue injury; however, the effect of IL-37 on the liver in CHB and CHC patients is still unknown. In this study, the serum levels of IL-37 in CHB and CHC patients with abnormal serum ALT and AST were compared with those with normal ALT and AST. We found that the concentrations of IL-37 in CHB and CHC patients with abnormal ALT ( > 50 U/L) or AST ( > 40 U/L) were significantly higher than those with normal ALT ( < 50 U/L) or AST ( < 40 U/L) ( Fig. 2A , P < 0.0001 and Fig. 2B , P = 0.0379, P = 0.0453, respectively). In addition, the serum levels of ALT and AST in CHB patients were decreased progressively after LDT treatment (Fig. 2C ), but the decrease in serum levels of ALT and AST were less progressive in SR-HCV patients (data not shown).
Changes in IL-2 and IL-10 during chronic HBV and HCV infection
Although IL-2, IL-10, and IL-37 have anti-inflammatory characteristics, their roles in chronic HBV and HCV infection are still unknown. The study's result showed that the levels of anti-inflammatory cytokines, IL-2 and IL-10, were lower in CHB and CHC patients compared with the HCs (Fig. 3A , P < 0.0001 and Fig. 3B , P < 0.0001), and only IL-2 level was increased in CHB patients within LDT treatment compared with CHB patients at baseline (Fig. 3A, P < 0.0001) .
IL-37 and serum ALT in chronic HBV infection
To further determine the roles of IL-37 on the liver injury in CHB patients, the relationship between serum IL-37 and ALT in CHB patients was analyzed. The study found that the levels of serum IL-37 were positively correlated with serum ALT (Fig. 4A , P = 0.0011 R = 0.4962), and the levels of IL-2 were negatively correlated with serum AST in CHB patients ( 
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whereas the hepatocellular stress response is involved in the pathogenesis of HCV infection (Ke and Chen 2012) . Many studies have revealed that the expression of IL-37 was apparently associated with immune cells and inflammation (Nold and others 2008; Boraschi and others 2011; Moschen and others 2011) , yet the roles of IL-37 in chronic HBV and HCV infection are not clear. In this work, we examined the levels of serum IL-37 in HBV and HCV infections and in HC. A virus load-dependent increase in the concentrations of IL-37 in HBV infection was observed, but there was no obvious difference in HCV infection. Nold and others have reported that diseased synovial lining in rheumatoid arthritis contained larger amounts of IL-37 compared with HC; supporting the notion that cytokine stimulation induces the production of IL-37, and then, endogenous IL-37 inhibits over-expression inflammation initiated by innate pathways (Nold and others 2010) . In HBeAg-positive CHB patients, HBeAg seroconversion and HBV DNA level are the tools that are currently used to follow and predict the response to treatment (He and others 2012) . The decreased IL-37 levels only happened in CHB patients with HBeAg clearance. Therefore, IL-37 could be considered a crucial cytokine in HBV infection with HBeAg seroconversion during LDT treatment.
Studies from the mouse model have demonstrated that the expression of IL-37 has protective effects in tissue injury in inflammatory diseases. These effects were related to the roles of IL-37, which acts as an inhibitor of innate immunity and inflammation (Reznikov and others 2002; Nold and others 2010; Boraschi and others 2011) . For example, IL-37 expression protected mice from DSS-induced colitis via reducing the recruitment of leukocyte populations (Dentritic cells, Macrophage, Neutrophils, CD4 + T cells, CD8 + T cells, and CD19 + B cells) to the colonic lamina propria and the production of pro-inflammatory cytokines IL-1b, TNF-a but increasing the synthesis of anti-inflammatory cytokines IL-10 (Reznikov and others 2002) . In addition, IL-37 also protects mice from LPS-induced shock via reducing the number of activated DCs, Macrophages, NK cells, and CD4
+ T cells and the levels of pro-inflammatory cytokines IL-6, IL-1b, IL-17, and IFN-g in LPS-induced mice (Nold and others 2010) . Therefore, IL-37 acts in a feedback mechanism to suppress an exacerbated immune reaction (Boraschi and others 2011) . In this study, the concentrations of serum IL-37 in CHB and CHC patients with abnormal levels of serum ALT ( > 50 U/L) or AST ( > 40 U/L) were higher than those with normal levels of ALT ( < 50 U/L) or AST ( < 40 U/L). Accordingly, we presumed that the increased IL-37 levels were accompanied by higher levels of serum ALT, to inhibit the excessive inflammatory damage. Both IL-2 and IL-10 have anti-inflammatory characteristics, but it is not known whether their expressions on HBV and HCV are similar to IL-37. IL-2 is mainly produced by Th1 cells, IL-10 is produced by Th2 cells, and other lymphocyte populations can prevent the uncontrolled expansion of immune responses and limit overall inflammation by increasing the number of Treg cells and decreasing the number of TH17 and TFH cells (Banchereau and others 2012) . Patients with chronic virus infection show immune tolerance with a strong reduction in CD4 + Th and CD8 + cytotoxic T-lymphocyte responses (Chen and others 2011; Piao and others 2012) . Our study also found that there was a significant decrease in the serum levels of IL-2 and IL-10 in CHB and CHC patients than the HCs. Although IL-2 and IL-10 are anti-inflammatory cytokines, the expression of IL-2 and IL-10 in hepatitis B and C infection is not the same as antiinflammatory cytokine IL-37. After drug treatment, HBeAgseroconverted patients had a gradually recovered immune system that displayed increased amount of immune cells and cytokines (Kang and others 2006) . In this study, only serum levels of IL-2 were increased in HBeAg-seroconverted CHB patients compared with the pretreated patients. A previous study has reported that the balance of Th1/Th2 type cytokines played an important role in the outcome of patients with hepatitis B e antigen-positive chronic hepatitis B treated with LDT (Zhang and others 2009) . Therefore, we found that IL-2 secreted by Th1 cells, but not IL-10 produced by Th2 cells, was increased in CHB patients whose pathogenic condition was improved under LDT therapy. Moreover, anti-inflammatory cytokines IL-2 and IL-10 were still lower in SR-HCV patients than the HCs but had no significant differences compared with CHC patients at the baseline; this is because the immune system in SR-HCV patients is not fully back to normal. These results indicated that IL-37, but not IL-2 and IL-10, activated by HBeAg or other factors may play an important role in the immune tolerance stage of chronic HBV infection.
The data collected from CHB patients showed that IL-37 in the pretreatment phase was positively correlated with ALT, but IL-2 was negatively correlated with AST. From this, it is possible to suggest that the serum levels of IL-37 and IL-2 are associated with liver damage in hepatitis B infection.
In conclusion, IL-37 is highly expressed in the serum of HBeAg-positive CHB patients with high virus load and decreased significantly in patients with HBeAg conversion under LDT therapy. HBV virus load, HBe antigen, or other unknown factors may affect the expression of IL-37 in HBV infection. Moreover, HBeAg seroconversion is mainly dependent on the host's immune response to HBV (Kang and others 2006) . Therefore, we presumed that IL-37 may play a significant role in the immune response of CHB patients with HBeAg seroconversion. The serum levels of IL-37 were associated with liver damage in CHB patients. Although more detailed studies are necessary to determine the role and the mechanism of IL-37 in regulating the pathogenic process in CHB, our novel findings may provide new insights into understanding the pathogenesis of CHB.
